Background. Bacterial infection (BI) represents the main cause of decompensation and death in cirrhotic patients. Procalcitonin (PCT) and C-reactive protein (CRP) are two widely used biomarkers that may be helpful for early detection of BI especially in the presence of inflammation. Their accuracy for the diagnosis of BI in patients with chronic liver disease has been a subject of debate. In this study, we aimed to learn whether PCT and CRP would be helpful as early markers of BI in patients with cirrhosis and to evaluate their prognostic value in terms of mortality. Subjects and Methods. We retrospectively included 92 adult patients with decompensated cirrhosis. PCT and CRP plasma levels were obtained within the first 24 hours of admission. Their diagnostic and prognostic values were compared using the appropriate statistical analysis. Results. Ninety-two patients were included. BI was diagnosed in 60 patients (65%). Mean white blood cell (WBC) count (p = 0 005) and PCT and CRP serum levels (p < 0 001) were higher in the BI group than in the non-BI (NBI) group. The diagnostic accuracy of CRP and PCT for the diagnosis of BI was better than that of WBC. CRP was the most sensitive marker (70%) while PCT was the more specific (96.6%). No one of those biomarkers was predictive of 3-month mortality in patients with BI. Conclusion. Regarding BI in patients with decompensated cirrhosis, CRP maintains efficiency slightly higher than that of the PCT without being discriminative. However, no prognostic value has been established for these markers.
Introduction
Cirrhosis is the advanced stage of a liver condition due to a chronic inflammatory and fibrosing prolonged evolving process. Cirrhotic patients are more susceptible to bacterial infection (BI) because of humeral and cellmediated immunodeficiency, splanchnic ganglia colonization, bacterial translocation phenomena, and ventilatory disorders related to encephalopathy and ascites [1, 2] . BI is diagnosed in 30 to 50% of admitted cirrhotic versus 5 to 7% in noncirrhotic patients [3] . The diagnosis of BI in patients with cirrhosis is made difficult by some clinical and biological abnormalities commonly observed in those patients such as liver dysfunction, inflammation, chronic hypersplenism, abdominal distension, and neurological disorders in addition to the frequent use of betablockers. Despite the great improvement of BI management in cirrhotics, the mortality is still high. An early diagnosis and treatment of this condition, using biomarkers such as procalcitonin (PCT) and C-reactive protein (CRP), can contribute to reduce this mortality. This work is aimed at evaluating and comparing diagnosis and prognosis performance of CRP and PCT during BI in patients admitted for decompensated cirrhosis.
Methods
This 14-month observational retrospective study was conducted in the Hepato-gastroenterology Department of the Charles Nicolle University Hospital of Tunis from 01 September 2015 to 30 October 2016. We included patients admitted for decompensate cirrhosis. Cirrhosis was diagnosed according to histological and/or clinical, biological, and ultrasound findings suggesting portal hypertension and hepatocellular insufficiency. Decompensated cirrhosis was defined by the presence of ascites, jaundice, variceal hemorrhage, or hepatic encephalopathy. Patients not included in the study were those who were receiving intravenous antibiotics and those who were suffering from a systemic disease or a cancer including hepatocellular carcinoma. CRP and PCT are part of the routine biological sample performed at admission; we did not have to get patients' consent. The following severity and prognostic scores were used in our study: APACHE II score [4] , Child-Turcotte-Pugh (CP) criteria [5] , Model for End-Stage Liver Disease score (MELD) [6] , CLIF-sequential organ failure assessment score (CLIF-SOFA), and Acute-on-chronic liver failure (ACLF) [7] . Blood samples for biological marker analysis as well as microbiological samples were obtained on admission. Serum CRP levels were measured using direct immunoturbidimetry on the Architect C 8000 Chemistry System (Abbott Diagnostics, USA). Enzyme-linked fluorescent immunoassay (ELFA) on mini-VIDAS (bioMérieux, France) was used for PCT tests. The patients were divided into a BI group and a non-BI (NBI) group. Dichotomous variables were expressed as percentages and continuous variables as mean ± standard deviation. Statistical comparisons were performed using, respectively, Student's t-test and χ 2 . Analysis of receiver operating characteristic (ROC) curves was used to determine diagnostic accuracy, sensitivity, and specificity and the Youden index to determine suggested cutoff. All analyses were conducted by SPSS 20.0 (SPSS Inc., Chicago, IL, USA). A p value of <0.05 was considered significant. Threemonth mortality risk factors were determined by the application of multivariate logistic regression analysis. The authors state the absence of conflict of interest.
Results
Ninety-two patients were included with a sex ratio of 0.96 and a mean age of 63 ± 13 years (19-91). Mean follow-up time was 4 5 ± 4 years (3 months-26 years). Fifty-seven patients (61%) were CP class B and 32% class C. Hepatitis C was the most common etiology of cirrhosis (42%). They were mainly admitted for edemato-ascitic decompensation and the main source of infection was pulmonary tract infection (62%) and spontaneous bacterial peritonitis (23%). Baseline characteristics, cirrhosis etiologies, causes for admission, infection sources, and severity scores are summarized in Table 1 . Distributions of sex, age, and comorbidities were similar between the two groups ( Table 2 ). BI group had significantly higher encephalopathy rate (p = 0 005), higher body temperature (p = 0 008), higher heart rate (p = 0 025), higher total serum bilirubin level (p = 0 021), higher international normalized ratio (p = 0 005), lower prothrombin time (p = 0 005), and higher MELD score (p < 0 01). Mean serum levels of CRP (p < 0 001), PCT (p < 0 001), and white blood cells (WBC) (p = 0 002) were significantly higher in the BI group than in the NBI group ( Table 2 ). The results of the logistic regression analysis showed that only MELD score > 15, encephalopathy, and PCT ≥ 0.5were significantly correlated to BI (Table 3 ). We evaluated the effectiveness of WBC, PCT, and CRP measurements in predicting infection in decompensated cirrhosis using the assessment of ROC curves.
The area under the curve (AUC), sensitivity, specificity, positive and negative predictive values, and suggested cutoff values for each marker are summarized in Table 4 . ROC analysis of CRP serum level showed the slightly higher AUC (0.745). PCT was more specific (96.6% vs. 75%) whereas CRP was more sensitive (70 vs. 45%).
3.1. Three-Month Mortality. Three-month mortality rate was 27%. Patients in the BI group had higher 3-month mortality rate (34% vs. 3%, p = 0 008) than those in the NBI group. However, multivariate risk factor analysis indicated that BI was not an independent 3-month mortality risk factor ( Table 5 ). PCT serum level was significantly associated with 3-month mortality (p < 0 001). ROC analysis of PCT serum level showed the AUC of 0.735 (CI 95%: 0.576-0.895). Suggested cutoff was 0.5 ng/mL; sensitivity, specificity, positive predictive value, and negative predictive value were, respectively, 66.7%, 77.6%, 59%, and 82% (Figure 1 ). In the BI group, deceased patients were more often Child-Pugh class C and had lower temperature on admission, higher Child-Pugh score, higher leukocyte, neutrophil, and platelet counts, lower prothrombin time, and higher serum CRP, PCT, and creatinine levels ( Table 6 ). In multivariate logistic regression mode, CP class C, lower temperature on admission, higher CP score, and higher platelet count were retained as predictors' parameters for three-month mortality ( Table 7 ).
Discussion
In our study, the high rate of BI among patients with decompensated cirrhosis can be explained by the advanced liver failure observed in these patients. Our results showed that PCT and CRP serum levels were significantly higher in the BI group, and thus, these markers were useful in the diagnosis of BI in decompensated cirrhosis. Although they are mainly produced by the liver, hepatic insufficiency does not affect their diagnostic accuracy [8] . That is explained by a maintained hepatic production [9] [10] [11] and/or an extrahepatic production [12] [13] [14] [15] of those two biomarkers during cirrhosis. On the other side, WBC count is deeply influenced by hypersplenism even if their production may be maintained. That can explain the less BI diagnosis accuracy of WBC observed in our study. Several studies have shown the reliability of PCT and CRP for the diagnosis of infection during cirrhosis with important AUC. In a recent meta-analysis including 1144 patients with liver cirrhosis, AUC for PCT and CRP was, respectively, 0.92 (95% CI: 0.89-0.94) and 0.87 (95% Cl: 0.84-0.90) [16] . This is probably due to differences in demographic characteristics and cirrhosis severity observed in our population. The cutoffs used are also different from ours. In the present study, diagnostic accuracy of CRP and PCT was comparable but it is still relatively low. That is why we think that PCT and CRP cannot be used alone to either confirm or exclude BI diagnosis. We found that, for the diagnosis of BI, CRP was more sensitive (70% vs. 45%) while PCT was more specific (96.9% vs. 75%). Similar results were reported by Lin et al.: CRP sensitivity was higher (87% vs. 79%) while PCT was more specific (89% vs. 85%) [16] . In addition, the CRP had a more discriminative value in the Papp study [17] . In order to enhance the diagnostic performance of CRP and PCT, the use of an algorithm that integrates clinical data with PCT or CRP can be helpful. In addition, it may be interesting to study the usefulness of an algorithm combing CRP and PCT.
Mortality.
We have reconfirmed the gravity of BI in cirrhotics as already attested [18] . Three-month mortality was twelve times higher in infected patients compared to noninfected patients (34% vs. 3%, p = 0 08). However, multivariate risk factor analysis indicated that BI was not an independent 3-month mortality risk factor. Lazzarotto et al. did not find any association between infection at admission and death before the seventh day of hospitalization [19] . In Khot et al. study, sepsis was not objectively an independent predictor of mortality [20] . In our study, only serum PCT level was significantly related to 3-month mortality. The relationship between PCT and CRP levels and mortality reported in previous studies was contradictory [19, [21] [22] [23] . However, in the BI group, PCT and CRP did not show any prognostic value. That can be explained by the high severity of cirrhosis in the NBI group. In fact, the CP score influenced death.
Our study has limitations. It is a monocentric study with a relatively small number of patients. In addition, PCT measurement was performed on admission regardless of the presence or the absence of infection.
Conclusion
Regarding BI in patients with decompensated cirrhosis, CRP maintains efficiency slightly higher than that of the PCT without being discriminative. However, no prognostic value has been established for these markers. In order to improve the diagnosis and reliability of prognosis, it may be interesting to combine them with each other or with other biological and/or clinical parameters.
